The essential oil (EO) of Lantana montevidensis (Spreng.) Briq. (L. sellowiana Link & Otto) was investigated for its chemical composition and mosquito repellent activity. The essential oil obtained by hydrodistillation of aerial plant parts was analyzed by GC-FID and GC-MS. The major constituents were -elemene (22.0%), -caryophyllene (20.1%), and germacrene D (9.4%). Sesquiterpene hydrocarbons were present in considerable quantities (78.9%) in the L. montevidensis EO, followed by oxygenated sesquiterpenes (8.9%), monoterpene hydrocarbons (7.7%), oxygenated monoterpenes (1.9%), diterpenes (1.2%) and other compounds (0.2%). The oil of L. montevidensis was repellent with a minimum effective dosage (MED) of 0.021 ± 0.013 mg/cm 2 as compared with that of the positive control N,N-diethyl-3-methylbenzamide (DEET) with a MED of 0.006 ± 0.001 mg/cm 2 ) against Aedes aegypti L. The major compound -elemene was tested individually for its repellency and had a MED value of 0.23 ± 0.14 mg/cm 2 (DEET was 0.008 ± 0.001 mg/cm 2 ). This is the first report on the repellent activity of L. montevidensis EO and -elemene using human-based in vivo assays against Ae. aegypti.
Aedes aegypti L. (Diptera: Culicidae), the yellow fever mosquito, is a vector of several serious viral pathogens, including yellow fever and dengue fever [1a,1b] . Mosquito repellents are critical components among the personal protective measures available for avoiding mosquito bites. Current research emphasis on repellents has focused on natural compounds as alternatives to DEET (N, and other synthetic repellents [1c] .
The common garden shrub Lantana camara L. (Verbenaceae) is known to produce essential oil that possesses insecticidal and repellent properties [2a-c] . From the same genus, L. montevidensis (Spreng.) Briq. has mosquito larvicidal properties [3] , but its repellency against mosquitoes has not been determined previously.
Lantana montevidensis (synonyms: L. delicata Hort. and L. sellowiana Link & Otto), commonly known as trailing lantana, is a weak-stemmed, trailing shrub from South America with coarsely toothed leaves up to 2.5 cm long and lavender (less often white) flowers in clusters 2.5 cm or more in diameter [4a] . Popular for use as a flowering groundcover in the landscape, L. montevidensis has escaped cultivation to become naturalized in parts of the southern United States, Australia, New Zealand, Africa, and India [4b] .
The chemical composition and mosquito repellent activity of the essential oil (EO) obtained by hydrodistillation of L. montevidensis aerial parts were investigated in this study. The oil was analyzed by GC-FID and GC-MS and fifty-two constituents were characterized constituting 98.8% of the total oil with -elemene (22.0%), -caryophyllene (20.1%) and germacrene D (9.4%) as major compounds in the oil (Table 1) .
In a previous study, Costa et al. identified 18 compounds Brazil [6a, 6b] , India [7a-c] , and other countries [8a-c] Personal protection is one approach to preventing mosquito bites. In the current study, repellency of L. montevidensis EO against Ae. aegypti was evaluated with three human volunteers using a "cloth patch assay". The oil was repellent with a minimum effective dosage (MED) of 0.021 ± 0.013 mg/cm 2 compared with the reference standard, DEET (0.006±0.001 mg/cm 2 ).
-Elemene, a sesquiterpene hydrocarbon with the methyl and vinyl groups at the 1-position and two isopropenyl groups at the 2,4-positions of the cyclohexane ring (Figure 1 ), has not been investigated in a human-based study, but was found by Paluch et al. to be among the least repellent among 12 sesquiterpenes tested against Ae. aegypti using chemically treated filter papers [11] . Therefore, we evaluated the repellent activity of -elemene (the main compound in the L. montevidensis EO) against Ae. aegypti using our human-based in vivo assays. In the present study, (-)--elemene showed 29-fold lower potency (MED of 0.23±0.14 mg/cm 2 ) than the positive control DEET (MED of 0.008±0.001 mg/cm 2 ). The second major compound, -caryophyllene, widely used as a fragrance and flavoring agent in spice blends and cosmetic products [12a] , was previously investigated for its repellent activity by our research group. It has repellency at higher concentrations (not repellent below an MED of 0.75 mg/cm 2 ) against Ae. aegypti [12b]. Insect behaviors in response to germacrene D have been reported. Nishino et al. found that the conjugated system and isopropyl group of germacrene D are necessary chemical parts for the sexual response in the male American cockroach, Periplaneta americana L. [13] . (-)-Germacrene D resulted in almost 10 times stronger neuron responses than (+)-germacrene D by females of the Eurasian cotton bollworm moth, Helicoverpa armigera Hubner [14] . The tobacco budworm moth, Heliothis virescens Fabricius, was more attracted to tobacco plants with the addition of (-)-germacrene D [15] . Bruce and coworkers reported that (-)-germacrene D strongly repelled the English grain aphid, Sitobion avenae Fabricius [16] . Kiran and Devi found that germacrene D had the greatest mosquitocidal activity among tested sesquiterpenes by fumigant toxicity against Anopheles gambiae Giles, followed by Culex quinquefasciatus Say and Ae. aegypti [17] . The EO of L. montevidensis is mainly rich in sesquiterpene hydrocarbons in different ratios. The oil composition may vary with provenance, taxonomical origin, and harvesting time. Our L. montevidensis EO was also composed largely of sesquiterpene hydrocarbons (78.9%). In this preliminary study, we report for the first time the chemical composition of L. montevidensis EO and its major compound -elemene using in vivo repellent bioassays against Ae. aegypti. In the future, we plan to evaluate the sesquiterpene-rich fraction (particularly the germacrene D-rich subfraction) for repellent activity. The potential repellency of the minor compounds should also be considered.
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Experimental
Samples: A single plant of a nursery-grown, lavender-flowered selection of Lantana montevidensis was purchased from a retail garden center and propagated by stem cuttings to produce plants of a single clone. Plants were grown outdoors in 11.4-L containers in a peatmoss and pine bark-based substrate at the South Mississippi Branch Experiment Station (SMBES) in Poplarville, MS, USA (30°50'26"N, long. 89°32'46"W; USDA hardiness zone 8b). Voucher specimen #16 was deposited at the SMBES for future reference. Aboveground parts were harvested from 4-month-old plants in September 2008 and air-dried for 3 weeks inside an airconditioned building (25°C max.). Dried plant material was packed loosely into cardboard boxes to avoid crushing and stored in the same building until distillation of the essential oils.
Isolation of essential oil: Air-dried aerial parts of L. montevidensis were water distilled for 3 h using a Clevenger-type apparatus to produce an essential oil at a yield of 0.06%.
GC-MS analysis:
The GC-MS analysis was carried out with an Agilent 5975 GC-MSD system. An Innowax FSC column (60 m × 0.25 mm, 0.25 µm film thickness) was used with helium as carrier gas (0.8 mL/min). GC oven temperature was kept at 60°C for 10 min and programmed to 220°C at a rate of 4°C/min, and kept constant at 220°C for 10 min and then programmed to 240°C at a rate of 1°C/min. The split ratio was adjusted at 40:1. The injector temperature was set at 250°C. Mass spectra were recorded at 70 eV. The mass range was scanned from m/z 35 to 450.
GC-FID analysis:
The GC analysis was carried out using an Agilent 6890N GC system. FID detector temperature was 300°C. To obtain the same elution order with GC-MS, simultaneous autoinjection was done on a duplicate of the same column, applying the same operational conditions. Relative percentages of the separated compounds were calculated from FID chromatograms. The analysis results are given in Table 1 .
Identification of the EO components was carried out by comparison of their relative retention times with those of authentic samples or by comparison of their relative retention index (RRI) to a series of n-alkanes. Computer matching against commercial (Wiley GC/MS Library, MassFinder 3 Library) [18a,18b] and in-house "Baser Library of Essential Oil Constituents" built up of authentic compounds, components of known oils, as well as MS literature data [18c,18d] was used for the identification.
Mosquito repellent bioassay:
The Ae. aegypti mosquitoes used in this study were from a laboratory colony maintained since 1952, originally from Orlando, FL, and now at the Mosquito and Fly Research Unit at the Center for Medical, Agricultural and Veterinary Entomology [19a,19b] . Repellency was determined as the Minimum Effective Dosage (MED), which is the minimum threshold surface concentration necessary to prevent mosquitoes from biting through the treated surface [19a,19b] . The assay was performed based on a previous study by Tabanca et al. [19c] . There were 3 human volunteers in this study and all 3 provided written informed consent to participate in this study as part of a protocol approved by the University of Florida Human Use Institutional Review Board (IRB-01). The pure compound (-)--elemene (Cas # 515-13-9, 98.9%) was purchased from LKT Laboratories Inc. (Saint Paul, MN, USA) and used for the repellent bioassays. DEET (97%, N, (Sigma Aldrich, St. Louis, MO, USA) was used as the positive control.
